Background/Purpose: The diagnosis and treatment of congenital esophageal stenosis (CES) can be a vexing clinical problem. This study aims at determining the ideal therapeutic strategy for the management of CES.
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C ONGENITAL ESOPHAGEAL STENOSIS (CES)
is a rare clinical condition of childhood. The definitive preoperative diagnosis often is difficult to make, and the ideal therapeutic strategy remains controversial. We reviewed retrospectively the medical charts of patients with congenital esophageal stenosis, with the intention of defining the ideal therapeutic strategy for the management of CES.
MATERIALS AND METHODS

Patient Characteristics
From 1972 to 2001, 36 patients had CES diagnosed at Kobe Children's Hospital. The patients ranged in age from 1 month to 9 years, and the average age at diagnosis was 1.8 years. Symptoms started at 7.4 months of age on average. There were 21 boys and 15 girls in this series, and associated anomalies were found in 17 patients (47%). These were esophageal atresia with distal tracheoesophageal fistula (EA/TEF; n ϭ 13), tracheomalacia with or without subglottic stenosis (n ϭ 2), esophageal hiatal hernia (n ϭ 2), imperforate anus (rectourethral fistula; n ϭ 1), ventricular septal defect (n ϭ 1), vesicoureteral reflux (n ϭ 1), Goldenhar syndrome (n ϭ 1), and Down's syndrome (n ϭ 2). Of the 36 patients with CES, the type of stenosis was classified: (1) tracheobronchial remnants (TBR, n ϭ 15); (2) fibromuscular stenosis (FMS, n ϭ 13); (3) membranous stenosis (MS, n ϭ 5); and (4) multiple stenoses (MPS, n ϭ 3). Twenty-nine patients (81%) presented with dysphagia or vomiting, and 3 patients (8%) presented with respiratory distress. Four patients (11%) had CES diagnosed on follow-up esophagram after repair of esophageal atresia before clinical symptoms developed. In all patients with CES and EA/TEF repair, the narrowing segment caused by CES is separate from the site of esophageal anastomosis.
Diagnostic Methods
All patients suspected of having CES underwent barium esophagram to confirm the diagnosis of CES (Fig 1) . In this study, all but one patient received a correct diagnosis for the type of stenosis by preop-erative esophagram and esophagoscopy with or without endoscopic ultrasonography (EUS: EU-M30S, OLYMPUS Co, Tokyo, Japan; 12 MHz [UM2R] and 20 MHz [UM3R]; Fig 2) . The single patient with MS who was misdiagnosed as TBR by esophagram, underwent surgery. In this case, definitive diagnosis was made by histopathologic examination which showed cartilaginous material within the esophageal wall (Fig 3) .
Esophageal Dilation
Esophageal balloon dilation was performed under general endotracheal anesthesia with muscle relaxation. Patients were placed in the left lateral position and a flexible fiberscope (GIF type-PQ 20; OLYMPUS) was introduced. The polyethylene terephthalate (PET) balloon (Bard ELIMINATOR Esophageal PET Balloon Dilator, Bard, Inc, Billerica, MA) was inserted through the side channel and was inflated with air for a duration of 5 to 10 minutes depending on the degree of the stenosis. After dilation, the esophageal wall was examined for laceration or perforation. Balloon dilation was performed only when the patients presented with symptoms.
Surgical Intervention
Resection of the tracheobronchial remnants was performed through left posterolateral thoracotomy (sixth to eighth intercostal space was used depending on the location of the stenosis). The stenotic lesion was detected by palpation with assistance of the fiberoptic scope introduced through the mouth. A limited esophageal resection was performed followed by a 2-layer end-to-end primary anastomosis.
Similarly, esophageal myotomy for fibromuscular stenosis was performed through a left posterolateral thoracotomy. The lesion was confirmed macroscopically with assistance of the fiberoptic scope. Once the fibromuscular stenosis was confirmed, a nasogastric tube was inserted, and a longitudinal myotomy was accomplished. 
RESULTS
Tracheobronchial Remnants
All patients with TBR underwent operative repair in which 13 patients had resection of the stenotic region and end-to-end esophageal anastomosis. One patient underwent enucleation of the tracheobronchial remnants, and, in this particular case, enucleation rather than resection was performed because the tracheobronchial remnants were localized and not encircling the esophageal wall. In the remaining patient who underwent myotomy, the stenotric region seemed to be a narrow fibrous band encircling the lower esophagus without any palpable mass inside. Four of 15 patients with TBR underwent dilatation (preoperative range, 1 to 5 times) for 0.5 years in average. On average postoperative dilation was needed 2.2 times (range, 0 to 9) for 2.1 months (0 to 9 months). One patient underwent esophageal hiatal hernia repair 3 years after the operation for CES. The total duration of therapy including operative repair plus preand/or postoperative esophageal dilation was 0.7 years in average (range, 1 month to 5 years). No patient required further operative intervention.
Fibromuscular Stenosis
Ten of 13 patients with FMS were treated by dilation alone (4.7 dilations were required for a duration of 2.6 years on average). Three patients with FMS underwent open surgical intervention (myotomy through thoracotomy, n ϭ 2; resection of the stenosis followed by end-to-end esophageal anastomosis, n ϭ 1) because dilations were ineffective (3.0 preoperative dilations were performed within 1.8 years on average). Two of the 3 surgically treated patients underwent postoperative dilation.
Membranous Stenosis
Four of 5 patients with MS were treated by dilation alone (1.5 dilations were required for a duration of 0.6 years on average). Two of 4 patients who were treated with dilation alone underwent endoscopic partial resection of the membranes at the time of dilation. One patient diagnosed as having TBR preoperatively underwent resection of the stenosis and end-to-end esophageal anastomosis through thoracotomy followed by dilation. This patient had MS diagnosed by postoperative pathologic examination.
Multiple Stenoses
Two of 3 patients with MPS were treated by esophageal balloon dilation alone with partial resection of the membranous diaphragm by endoscopic CO 2 laser (Mochida Ltd, Tokyo, Japan; a mean of 6.5 dilations was required for a duration of 2.5 years). The remaining patient underwent cardioplasty via a laparotomy, because the stenosis was severe, followed by esophageal dilation. Six separate dilations were required for 9 years for the stenoses and the repaired esophagogastric junction.
All patients in this study are doing well after a mean follow-up period of 5.3 years (range, 0.5 to 25 years) without any further operative interventions or major complications.
DISCUSSION
The classification of CES has been confusing because of its infrequent presentation (approximately 1 in 25,000 to 50,000 live births) and the difficulty of discriminating this anomaly from esophageal strictures secondary to inflammation and gastroesophageal reflux. 1, 2, 3 The definition and classification of CES proposed by NihoulFékété et al 4 are perhaps the clearest. They stated that CES is defined as an intrinsic stenosis of the esophagus, present at birth, and associated with congenital malformation of the esophageal wall architecture. This classification delineates 3 forms of CES: (1) tracheobronchial remnants, (2) fibromuscular stenosis, and (3) a membranous diaphragm in the wall of the esophagus. In 2001, Ramesh et al 5 proposed a new classification based on the type of stenosis and the association of segmental stenosis with other anomalies of foregut separation. In this classification, multiple stenoses were included. Because the therapeutic approach to CES depends on the etiology, a correct diagnosis of the exact type of stenosis is mandatory.
In our current review, dilation was found to be ineffective in all patients with TBR, and all these patients eventually underwent operative repair. Based on our results and those of previous reports, it is apparent that TBR must be treated by surgical excision, either by resection of the stenotic region followed by end-to-end anastomosis, or by enucleation of the cartilaginous remnants. Standard preoperative diagnostic studies occasionally are inadequate for distinguishing TBR from FMS. It was reported that the diagnosis of TBR in most cases is made by histopathologic study of the stenotic region. 6 On fluoroscopy, TBR shows an abrupt narrowing of the esophagus, whereas FMS shows a more gradual, regular and well-centered narrowing. Although these typical findings are noted, both types of stenosis exist in the lower third of the esophagus, and fluoroscopy does not always show typical findings. We could not obtain precise preoperative diagnosis by fluoroscopy and esophagoscopy in 5 patients. In these 5 cases, endoscopic ultrasonography (EUS) was found to be useful for distinguishing TBR from FMS. EUS can visualize a sonolucent area in the fourth layer that shows a cartilaginous component in the muscle layer. Histopathology confirmed the aberrant cartilaginous remnants in all EUSpositive patients.
Because most cases of TBR exist in the lower third of the esophagus, a left thoracotomy is recommended. At exploration, it is important to identify the location of the TBR. Palpation by a surgeon is helpful. To confirm our intraoperative suspicion, we used flexible esophagoscopy during the operation. 7 This enabled inspection of the stenotic portion where the light of the esophagoscope could be seen through the esophageal wall.
The use of longitudinal myotomy for FMS is still unclear. We performed myotomy in 1 patient with TBR and in 2 patients with FMS. Esophageal perforation developed after myotomy in one of the patients with FMS. Two of 3 patients who underwent myotomy required postoperative esophageal dilations.
In most of our patients with FMS, esophageal dilation was effective. Ten of 13 patients with FMS were treated successfully by bouginage or balloon dilation alone without any major complications except one patient in whom esophageal perforation developed. Although antegrade and retrograde tapered dilators were the traditional form of bouginage, we have used balloon dilation that we feel is more effective and safer than bouginage. With the PET balloon, expanding force is transmitted only to the stenotic segment of the esophagus, and correct placement of the balloon can be determined by direct endoscopic visualization. Preoperative dilation was ineffective in 3 patients who eventually required surgery. We recommend that if dilations are required within 6-month intervals and remain ineffective after 3 years, surgical intervention should be undertaken.
In patients with membranous stenosis, we believe that balloon dilation is the treatment of choice. Incision or partial resection of the diaphragm may be added to the esophageal dilation if the stenosis is severe, and the balloon cannot be passed through the stenotic portion. We prefer the CO 2 laser for incising the membranous diaphragm. Although some investigators recommend resection of the web and primary anastomosis, we believe that balloon dilations and endoscopic incision of the membrane (as needed) are the treatment of choice. 4, 8 Multiple stenoses consist of membranous stenosis and fibromuscular stenosis. Both membranous and fibromuscular stenosis could be treated by esophageal dilations alone based on our experience. We operated on one patient with MPS by cardioplasty for severe fibromucular hypertrophy just above the esophagogastric junction. In this particular case, preoperative fluoroscopy suggested a TBR and was treated early in our series.
Precise preoperative diagnosis of CES is important because the type of stenosis determines the modality of treatment. EUS is useful for detecting the cartilaginous tissue and, thus, can distinguish TBR from FMS. TBR should be treated surgically, whereas most cases of FMS, MS, and MPS can be treated by esophageal dilation alone. If serial dilations are ineffective for FMS, MS, and MPS, surgical intervention should be considered.
